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1. Introduction

A direct consequence of the theory describing the formation of the

earth's magnetosphere is the concept of a large scale electric field which, by

being mapped by the earth's magnetic field will cause plasma motion in the

polar regions of the earth. This plasma motion is sometimes called convec-

tion, and the electric field driving the plasma motion is often referred to as

* the convection electric field. When looked at on a fine scale both temporari-

ly and spazially the motion of the plasma is very complex, however a general

pattern is clear involving antisunward flow of ionospheric plasma from noon to

* midnight over the polar cap, and a return, sunward, flow from midnight to noon

* at lower latitudes, producing a two-cell convection pattern.

The convection electric field driving the plasma is linked to the geomag-

netic field, the pole of which is offset from the geographic pole and rotates

* about the geographic pole once per day. The combination of the oscillatory

* convection flow and the tendency of plasma to corotate at lover latitudes pro-

duces complex patterns of flow, even on the large scale of the whole polar re-

*gion. There is rapid motion of the plasma in some places and stagnation at

others. This type of flow pattern produces major effects on the ionospheric

plasma density and composition at high latitudes.

The work associated with this contract was directed to the study of these

* effects on the high latitude ionosphere. The work fell into three broad cate-

* gories:

Ii) Steady state studies of the altitude profile of high latitude

ionospheric composition for a wide range of geophysical

conditions.

ii) A mathematical model of the average convection electric field

with universal time dependence included and the consequent

plasma flow characteristics.

iii)Development of a comprehensive time dependent high-latitude
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ionospheric plasma model by combining the work developed in

i) and ii).

In addition to the theoretical modelling work, comparisons were made with

experimental results relating both to convection trajectories and to the io-

nospheric plasma density and composition. In the cases studied the experimen-

-: tal results showed good agreement with the theoretical model.

2. Steady State High-Latitude Ionospheric Model

In order to more accurately reflect the chemical and diffusion processes

* governing the plasma in the high-latitude ionosphere we extended a model de-

, veloped earlier (Schunk et al, 1975, 1976) to include N+ in addition to NO+ ,

0+ N+  and 0+, and to use representative He+ profiles derived from earlier
2e 2

lie outflow studies (Raitt et al, 1978a, 1978b). The model allowed for Joule

-heating due to plasma convection through the neutral atmosphere; it included

*the latest HSIS model atmosphere (Hedin et al, 1977a, 1977b) and an empirical

model for N (Engebretson et al, 1977); recently published solar UV fluxes were

included (Hinteregger et al, 1977); and the latest values for ion chemistry

.* reaction rates were used.

The model was used to calculate the variability in the high-latitude io-

o- nospheric composition under steady state day-time conditions for ranges of ge-

*" ophysical parameters. The parameters we varied were season, geomagnetic ac-

tivity, and solar cycle. Details of the results are given in the paper

"Atomic Nitrogen Ions and Oxygen Ions in the Daytime High-Latitude F-Region"

* by R.W. Schunk and W.J. Raitt included in appendix A.

The steady state model developed formed the basis of the time dependent

I model to be used in conjunction with a model for plasma convection resulting

*. from the magnetospheric electric field being mapped into the ionosphere.



5

3. High-Latitude Plasma Convection Model

It is generally accepted that a large scale electric field exists from

dawn to dusk across the flanks of the earth's magnetosphere. This electric

field maps to the polar ionosphere along geomagnetic field lines and causes an

E X B drift of ionospheric plasma in a two-cell pattern over the polar cap

and to lower latitudes determined by the extent of the penetration of the mag-

netospheric electric fields into mid-latitudes. Detailed studies of this pat-

tern by experimental observations indicate a great deal of temporal and spa-

tial fluctuations. However, the general average pattern is as described

above, and in the work performed under this contract we were aiming to look at

the background conditions of convection and the resulting effects on the

high-latitude ionospheric plasma rather than study the fine detail resulting

from small scale perturbations to the convection pattern.

In the absence of a convection electric field, the plasma is driven to

corotate with the earth's atmosphere. Viewed from an inertial reference frame

the net motion of the plasma is a combination of corotation and convection re-

sulting in a stagnation region on the dusk/evening side of the polar regions.

The motion of the plasma is further complicated by the offset between the geo-

graphic and geomagnetic poles resulting in a diurnal variation of either coro-

tation or convection depending if the plasma motion is viewed in a geomagnetic

or a geographic inertial frames respectively.

Detailed studies of the-motion using a model in which the strength, map-

ping region, and symmetry of the magnetospheric electric field were made. The

results of this study are described in the paper entitled "Effect of Displaced

Geomagnetic and Geographic Poles on High-Latitude Plasma Convection and

Ionospheric Depletions" by J.J. Sojka, W.J. Raitt, and R.W. Schunk included in

appendix A to this report. As a follow up to this study predictions were made

for the convection velocities expected at high-latitude radar back-scatter

stations at EISCAT and Sondre Stromfjord in the paper "High-Latitude Plasma

Convection predictions for EISCAT and Sondre Stromfjord" by J.J. Sojka,

Z . ±. .-..----.-.----- - ----- ...... ....-



M"

6~1

* W.J. Raitt, and R.W. Schunk included in appendix A. A comparison with actual

convection velocity data made by the incoherent scatter radar at Chatinika was

made and is described in the paper "High-Latitude Convection: Comparison of a

simple model with incoherent scatter observations" by J.J. Sojka, J.C. Foster,

W.J. Raitt, R.W. Schunk, and J.R. Doupnik also included in appendix A. The

final study of the predictions of the convection model was to compare ionos-

pheric convections in the northern and southern polar regions. This compari-

son showed a considerable difference largely due to the diffrrent displace-

*:- ments of the north and south geomagnetic poles from their respective geograph-

ic poles. Details of this comparison are given in the paper "A Comparison of

Model Predictions for Plasma Convection in the Northern and Southern Polar

. Regions" by J.J. Sojka, W.J. Raitt, and R.W. Schunk included in appendix A.

In general we found that although our magnetospheric convection model

needed few parameters to define it, it predicted many of the convection fea-

tures seen by satellite observations and incoherent scatter radar observa-

tions. In particular it threw light on some of the problems associated with

Interpolating convection velocities over the whole polar cap based on satel-

lite traverses taken at different universal times.

As a result of these studies we felt that we were in a position to com-

bine this convection model with the ionospheric model described in section 2

* and develop a computer program which enabled us to follow packets of plasma as

they moved in the high latitude region under the combined influence of the

convection electric field and corotation forces.

4. Time Dependent High-Latitude Model

A computer model was developed to follow packets of plasma from a steady

state noon altitude profile of the various ion species forming the

high-latitude ionosphere as they convected around the high-latitude regions at

varying speeds and in varying directions. By selecting sufficient trajecto-

ries and allowing the plasma to move for a period of 1 1/3 days (to accomodate

7
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trajectories passing near the stagnation region) a map of ionospheric plasma

composition over the altitude range 150-800 km as a function of latitude,

local time, and universal time was built up.

The extent of the computations and the amount of data accumulated was

such that the large computer resources of the CRAY-1 at NCAR were required. A

comprehensive survey of the polar and mid-latitude regions for a given set of

geophysical conditions generated approximately 20,000 altitude profiles for

each of the six ions considered in our model.

This large amount of data was compressed for presentation by binning in

the three variables, UT, local time, and altitude and presenting the data as

contour plots supported by detailed altitude plots to emphasize certain fea-

tures of the results.

At present we have studied the high latitude ionosphere with our model

for the following geophysical conditions:

i. Winter, solar minimum, low magnetic activity.

ii. Winter, solar minimum, high magnetic activity.

iii. Summer,, solar minimum, high magnetic activity.

The results of these studies have been published in the following papers

4 which are included in appendix A. "A Theoretical Study of the High-Latitude

Winter F-Region at Solar Minimum for low Magnetic Activity" by J.J. SoJka,

W.J. Raitt, and R.W. Schunk, "Theoretical Predictions for Ion Composition in

the High-Latitude Winter F-region for Solar Minimum and Low Magnetic Activity"

by J.J. Sojka, W.J. Raitt, and R.W. Schunk, "Plasma Density Features

Associated With StrongConvection in the Winter High-Latitude F-Region" by

J.J. SoJka, W.J. Raitt, and R.W. Schunk, "Seasonal Variations of the

Hligh-Latitude ?-Region for Strong Convection" by J.J. Sojka, R.W. Schunk, and

W.J. Raitt. In addition to the comparison of model predictions with experi-
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mental observations have been made using data from the DMSP satellites which

provided good experimental confirmation of the UT effect predicted by the

model. These results are detailed in the paper "Observations of the Universal

Time Dependence of the High-Latitude F-region Ion Density R DMSP Satellites"

by J.J. SoJka, W.J. Raitt, R.W. Schunk, F.J. Rich, and R.C. Sagalyn included

in appendix A.

The present state of our modelling work has been summarized in three re-

view papers; "Modelling the High-Latitiude Ionosphere" by W.J. Raitt,

R.W. Schunk, and J.J. SoJka, "High-Latitude Ionospheric Model: First Step

Towards a Predictive Capability" by R.W. Schunk, W.J. Raitt and J.J. SoJka,

"Composition and Characteristics of the Polar Wind" by W.J. Raitt and R.W.

Schunk which are included in appendix A.
U

5. Conclusions and Recommendatons

We feel that in recent years there have been considerable advances in our

understanding of the physical processes resulting in the dynamic behavior of

the high-latitude ionosphere evidenced by the complex nature of high-latitude

* ionospheric measurements. The work described in this report has brought our

research to the point where we believe we have a tool to enable predictions to

be made for the high-latitude F-region both for operational uses, and to in-

terpret measurements.

We have just started to study the geophysically imposed limits expected

vf average high-latitude ionospheric behavior. This aspect of the work should

be completed by studying other combinations of season, geomagnetic activity,

and solar cycle which have not yet been studied using our model.

The present model does not have provision to include the short term ef-

fects of magnetospheric substorms. We believe this feature can be added to

the model and should form part of continuing studies in this area, since the

short term effects can result in very marked changes in the propagation char-

-i l * - - - - - - --
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acteristics of the F-region for short periods of time.

In summary therefore, we feel that this study has advanced our knowledge

of the physical processes occuring in the high-latitude ionosphere to the

point that a model of practical use could be developed. We recommend that the

work be continued to explore the limits of the average behavior of the

high-latitude ionosphere and that the effects of magnetospheric sub-storms

should subsequently be included. Finally the data sets produced by the vari-

ous combinations of geophysical parameters should be used with an interpola-

tion to enable a rapid assessment of high-latitude ionospheric conditions to

be made for any combination of the geophysical parameters which have a major

effect on the ionospheric properties.
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MODELLING THE HIGH-LATITUDE IONOSPHERE

W.J. Paitt, R.W. Schunk and J.J. Sojka

Center for Atmospheric and Space Sciences

Utah State University

Logan, Utah 84321

U.S.A.

ABSTRACT

'Res'lts of an ionospheric model program are presented which demonstrate the extreme variability of the

; steady state, daytime, ionospheric F-region electron density and ion composition due to both neutral

atmonpheric ch.inges with solar cycle, season and magnetic activity; and to the effects of ionospheric

drifts caus'.d by pprpndirular electric fields. Consideration is given to the time history of the

ionouspheric pl,-ma as it undergoes convective motion due to the combined effects of co-rotation forces and

electromagnetic forces, which results from the mapping of the magnetospheric cross-tail electric field to

• the rotating ionosphere. A simple model of the convection pattern is described. The model calculates the

net effect of the tendency for the plasma to co-rotate about the geographic pole and the E x 8 velocity

induced by a p'rpondicular electric field mapped to a circle centered about a point 5 anti-sunward of the

. geomagnetic pole and oriented such that the equipotentialE are parallel to the noon-midnight meridian.

This convection pattern shows the generally accepted features of high latitude convection, but because of

t-he offset between the geographic and geomagnetic poles a marked universal time dependence in these

* features is predicted. The results of a comparison of the convection model with ground-based incoherent

scatt-!r radar measurements from Chatanika and Millstone Hill are shown to be in good general agreement. In

addition, differences in the convection pattern between the northern and southern polar ionospheres are

shown to be important, particularly in the case of asymmetric magnetospheric electric fields. Finally,

maps are shown of the modelled ionospheric composition and density for a convecting polar ionosphere

demonstrating the formation of commonly observed features such as the aid-latitude trough and the polar

, hole. afd their dependence on universal time.

I°.

...
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"Composition and Characteristics of the Polar Wind"

W. J. Raitt and R. W. Schunk

I
ABSTRACT

We have discussed in general terms the mechanism of the polar wind, des-

cribing a pressure gradient driven flow of light ions (H + , lie + ) from a source
- region around 300 km altitude to the outer regions of the magoetosphere along

geomagnetic field lines. Although It is pointed out that the dynamical natire
of the high-latitude ionospheric source will result in an outward flux of

light ions which is both spatially and temporally variable, the average value

is generally accepted to be of the order of 3 x 108cm, sec for H+ ions and 2
x 10 cm sec for lie ions.

The results of detailed theoretical models of 11+ and He+ outflow are pre-

sented. The resulting density, temperature and velocity profiles are examined

under a variety of conditions to bracket the range of values which might be

expected to be encountered in the terrestrial environment. Recent develop-

ments of the theoretical modeling of light ion outflow are discussed, in which

changes are predicted in the distribution function of the polar wind species

in terms of temperature differences parallel .,'d perpendicular to the magnetic

"' field direction.

The final section collects together the published experimental evidence

for the polar wind. The measurements exist only in the upper ionosphere and

consist of either direct observations of the flow velocity, or indirect obser-

vations in terms of differences in the light ion density at a given altitude

between low latitude regions of little or no outflow, and polar regions where

a strong outflow is expected.

The principal conclusion presented in the paper is that polar wind stu-

(dies represent a field of geophysical research in which theoretical modeling

has far outstripped experimental observations. It is hoped that prograns such

as the existing ISEE and Dynamics Explorer projects and the proposed OPEN pro-

ject will go some way to alleviate this deficiency.
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ATOMIC N iTROGEN AND OXYGEN IONS IN? THE DAYTI:11: 1CII-LATITUDC F REGION

R. W. Schunk and U. J. Raltt

Center for Atmospheric and Space Sciences, Utah State University, Logan, Utah 84322

Abstract. We have extended our

high-]ati~ude, ionospheric, dynamic motel tq
include N 4 in addition 4o the ions NO , 0
N , and 0 . The ion He was also include8 but
aititude profiles of this ion were obtained from
our previous polar wind study. We have further
improved our model by updating the various

chemical reaction rates and by including the
latest solar EUV fluxes measured by the
Atmosphere Exployer satellites, the most recent

MSIS model of the neutral atmosphere (N2. 02, O0
and le) and the latest empirical model of atomic

nitrogen. The improved model was used to study
the solar cycle, seasonal, and geomagnetic
activity variations of the daytime high-latitude
F layer. Both zonal and meridional convection
electric fields were considered. Without+ +
allowance for electric fields, the peak 0 and N
densities varied by an order of magnitude and the

altitudes of the peaks varied by about 100 km
over the range of geophysical conditions studied.
Convection electric fields can also poduce 4bout

an order of magnitude change in the 0 and N
densities. These electric field induced changes
could either assist or oppose the solar cycle,
seasonal, and geomagnetic activity variations
depending n the ionospheric conditions. In
gereral, N was the second most abundant ion in
the upper F region, but 4here were cases.when lie
was more abundant than N even though He was in

a state of outflow. Also, we speculate that at
times, N' can be the dominant ion in the upper F

region.

'High-Latitude Ionospheric 14odel: First Step Towards a Predictive Capability

R.W. Schunk, W.J. Raitt anid j.J. Scjka

Certer for Atmospheric and Space Sciences

Utah State University, Logan, Utah 84322

ALSTkACT

Wr romtir ed a r mplu plasma convection model with an Ionospheric-atr.urpheric composition model
in, order to Cirdaratce ligh-latitude ionospheric behavior. The convection model includes the offset

, i)rt-een the Frog],ph1Iic ;.rd gew.i.rinetic poles, the tt-idency of plasma to corotate about the gceog-aphic
Sp',I e, ;,nd a r';, a/dusk mai,etospheric electric field riled to a circular region in the ionesphere
"-,nut a center off'-et by a fewo dcgrees in the antisurward direction from the magnetic pole. The ic-

"' notpheric-a ,.spiic c(,r~psition .odel takes account of plasma convection, plasma diffusion, photo-
ri lical proce.ses, th'r ospheric winds, and Ion prodtictioTi due to both auroral precipitation and re-
* .oantly scateced nolar radiation. A yplcil numerical simulation produces time-dependent,
3-din,u n!-onal, ion density d-stributions (NO , 02 , , 0 , N and He ) for the high-latitude ionos-
pere above 42oP mar, tic latitude and at alittldes ,etween 160-800 1-m. One of the early results to
¢ergie from thev vse of this nuraerical mudel was that high-latitude features, such as the 'I.ain

rough', the 'icriz~tion hole', the 'tongue of ionization', tlie 'aurorally produced ionization
', peaks', and the 'universal t.nme effect-', are a natural cos ,ilqctlce of the competition betw.oen the

various c1, enca a d ritlort processes Lnown to be- operating in the h*g9.-latitude iorlespl,ere. In
this investifation the nuimerical model was used to study the variations of the electron density with
altitude, latitude, lOngitutie, and universal time for ionospheric conditons corrt..pondlng to 6-inter
solstice and for cc;ivp.tiun electric field patte-rns tlat are representative of both low and high geo-
u,,Lnetic activity coiditions. In addition, we ctudied the morphology of hmY 2* N F2  the g-region

, total election density content, and the topside plasma di,'.lty scale height.

.. . . " " ' - . " . -
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EFFECT OF DISPLACED GEOMAGNETIC AND GEOGRAPHIC POLES ON ICIGH-LATITUDE

PLAS4A CONVECTION ANI 1O!OSPHERIC DPLETJONS

J. J. Sojka, W. J. Raitt, and R. W. Schunk

*Center for Atmospheric and Space Sciences, Utah State University, Logan, Utah 84322

Abstract. We assumed that the ionnspherIc
plasma at high latitudes has a tendency to
corotate about the geographic pole and that
magnetospheric convection is relative to the
geomagnetic pole. With this assumption we
calculated plasma drift patterns over the polar
cap for a range of constant magnetospheric
electric fields as well as for asymmptric
electric fields with enhanced plasma flow on
either the dawnside or thv duskside of the polar
cap. We calculated the drift patterns in both
the geographic inertial and the geomagnetic

inertial frame taking into account the
displacement between the geographic and
geomagnetic poles. We found that this
displacement between the poles has an important
effect on the plasma drift patterns. In
particular, we found the following: (1) A time-

independent magnetospheric electric field
produces a flow pattern in the magnetic inertial
frame that does not vary with universal time.
(2) This flow pattern becomes UT dependent in
the geographic inertial frame because of the
motion of the geomagnetic pole about the
geographic pole. (3) 'he UT variation of the

plasma flow pattern in the geographic inertial
frame occurs on a time ncale that is comparable
to satellite orbital periods and that is much
less than typical plasma convection flow times
over the polar cap. (4) In the geographic
inertial frame the main region of very low speed
flow is not centered at 180n LT buit moves from
about 1300 to 2300 LT during the course of a
day. (5) In the geographic inertial frame a
throatlike feature appears at certain universal
times owing to the relative motion of the
geographic and geomagnetic poles. This feature
is not seen in the geomagnetic inertial frame

and is not connected with our model of the

magnetospheric electric field. These results
and others described in the paper have important
implications for both the interpretation of
satellite data related to high-latitude
ionospheric dynamics and the formation of
ionospheric troughs.
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i1(16 I LATITLII)E PILASMA CONVECTION: PREDICTIONS

FOli ISCA'r AND S.)NI)E srtoMF.iOI)

J.J. Sojka. W.J. Raitt and R.W. 4hunk

Center for Atmunpheric and Space Sciences. Utah State University, Logan, Utah 84322

Abstract. We have used a plasma convection model to
predict diurnal patterns of horizontl drift velocities in the
vicinity of the EISCAT incoherent scatter facility at Tromso.
Norway and for Sondre Stromfjord, Grernland. a proposed new
incoherent scatter facility site. The convection model includes
the offset of 11.40 between the geographic and geomagnetic
poles (northern henusphere), the tend,ncy of plasma to corotate
about the gt-ographic pole, and a magntospheric electric field
mapped to a circle about a center offset by 50 in the anti-
sunward direction from the magr,..tic pole. Four different
megneto.pheric electric field configurations were considered.
including a constant cross- tail electric fild, asymmetric electric
fields with enhancements on the dawn and dusk sides of the
polar cap, and an electric field pattern that is not aligned
parallel to the noon-iridnight magnetic meridian. The different
electric field configurations produce different signatures in the
plasma convection pattern which are clearly identified. Both of
these high-latitude sites are better suited to study
rmagnetospheric convection effects than either Chatanika,
Alaska or Millstone Hill. Massachus-etts. Also, each site
appears to have unique capabilities with regard to studying cer-
tain aspects of the magnetospheric electric field.

II(:IH-L-1't'DE CONVECTtON: COMPARISON OF A SIMPLE MODEL
WITH INCOHEFNT SCATTER OBSERVATIONS

J- J. Sojka, J. C. Foster, W. J. Raitt, R. W. Schunk
and J. R. Doupnik

Center for Atmospheric and Space Sciences, Utah State University, Logan, Utah 84322

Abstract. We have complared a simple model of
plasma: 4 convectLon at high latitudes with data
obtained from simultaneous measurements made by
the incoherent Scatter facilities at Chatanika,
Alaska and Millstone Hill, Massachusetts in June
1978 during moderately di4turbed conditions. The
measured horizontal plasma drift velocities were
averaged for four days to emphasize gross
teatures of the convectiorn pattern and zeduce the
efects of substorns. The convection model
includes the offset of 11.50 between the
-eographic and geomagneric poles, the tendency of
plasma to crotate about the geographic pole, and
a constant dawn/dusk mnagnecospheric electric
field mapped to a circle about a center offset by
50 in the anti-sunward direction from the
magnetic pole. The radius of the circle
rorresponds to 17 of latitude and the electric
potentials are aligned p;rallel to the
1lon/idnight meridian within the circle.
-rlqutotorward of the circle the potential
-dininirihes r.dially and varies inversely as the

fo,,rrh p-wer of sine magnetic co-latitude. Aronsqhrqgence of chese two offsets and the sunward
allgnnt'tc of the magnerosphwric electric field is
that our aode l predizts different diurnal
convection patterns when viewed at different
longitudes in the geograpiic framo. The
concurrently observed diurnal distcihutions of
horizontal piasma convection velocities are

differet for Chatanika and lilletonr Hill even
though the reaaurements cover approximately the
s.n,. range of magnetic latituds,. W'e find there

s good agren..ent berw,en our sziple model and
the gross features of these two diurnal patterns.
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A Comrpari~ono!Mxe! Predlictnr~s 'o, M.s,5.Co. cction
in the Nor!thern and Southern Polar P-xi'ions

J. J1. Sojka. W. j. Raitt. and R. W. Schudc

Center for Atmospheric and Space Scicrices. Ut.-h St ate University
Logan. Ut.ah 84322

Abstrat We haw': presented model Cjcu1t.,n), tor -hriw how
the ' Aasrrri flow distribu~tions in the northern arnd -_nutLrurrr polar
rr4jL'. differ when vi'-oed from a geO&;Trhi: ir.t:rti--] f-.m!e This
rEeet-ore !rarne wa% ,.-.l-cted because it is the natural fiamf for

g~.jA~s~cal nora measuremns, th.!rz heirng well ]r.cA n
Cvelucit% cortctions ftr either stel'ite or grotvnl4;avx* obs'.rva.

tieris. Althougjh tht- rrj'tcinvaria1nt latidc. mgc' incal
tinie r( f r.ce frdme i t.-% sult-di to stuvm~m~.~..L~
procet:.ir. a Lransforni:ition from the i~v:.g-raphic- incrta "rr:me to
this r:,t;getic !raroc re'rquires both a siratia:, and vrxity Lr;:rsfur-
imation. Lid since ',he la-ter cnirrectior, has g-re~al!y beer.

r~get-.we pre'er tr. prese.nt ourf reSults', in the jg:'gia'hic invr-
tia! friiv:-e. However. --- 44,.; p~erf-!t sortie of oir re'sults in the
niagitic frz mne, Lakny acccount of thc trvnipbfte transfrcr'nation.
Our ccrive~CEcr. muodirl irrcludris the~ or 'se' betwe-7n the gteogaphic
and geornagnetic polr3. the LendenCY of -'rsma toi corotiste about
the gecrgmephc poles. and a dawrridus Simragnetospheric electric
field m:zoped to a circle .1 ,uut a center offsett by S' in the ar-tisu-n-
wvard direction fromn the maynetic poic. we coislctied botLh
unifoirm an~d asynmnetric niagnetosphteric eektric rflid configura-
tions. Our asymmietric electric field distribution containi-d an
enhanced 5eld in the dnwnside northern hemispheic in czn,:inc-
tion with art enhanced field in the dusl::-id souohrn herii%;'here
From our study we have found a-e followit. (11 In the
geographic inertial framt then piasmc flow patie:ns ir. both
h-.risphzros exhibit 3igjicant variationis with universa! time
becsuse of th, relati-vc aotion of the gv.oar.-g Tic;, and ginographic
poles. (2t This unive? sal timne variation i:; greaver L1 the sovtherrn
polar region than in the northern pciar rtlgion bereu--.se of the
greatoer displarement bctween the georignetic and geographic
poles. W3 For the case of a uniform magr.etcs,-h-eric eleetLric field
the universal time depondlence of the plasma nlow dist:-;hUtions in
the two hernispheres is sirniler, but there is a phase snifm Of about
half a day between them. 141 Fcr the c3-!e of an avi-mnrt:
magiietcspheric electric field this half'-day phase shift is sti!]

tmicc~ble, but. there acre significant differences heL%,:ven r.ortne-n
and southern hemisplntre convection patterns. (5,) The transfo-
mation of plasma convt-:etion patterns frum thec geogrrnphic iner-
tial to the georna'nrtic ouasi-;nertia! frarne resu;ts in the barne
convection pattern fo~r bnth hemauspheres for the cese of a unifnr.m.
magiietospheric eect. ic field, but results in dif f're-t cn'. ection
pmtterrss for the twu It, rnispheres for the mnore c'ron cas of r.
;%'irwtimtric ekectric field configisrauri. R, Bec; i'%e Vv'
rregne'ispheric eltctric 1.eld distributions 7n th.e nott!.trn and,
saujthtrn p.)lar regionb art g'n. rly asytmmetic. vi zO--%%s Cot,
clumiorns can be d-rawn about plaima co~i%,tctiusri pettermo. if r;,&~
t; ken alo ng ratellte triocks fromn the ,or thtrr:. ar:; southrit. ; uiar
re--4;n% are overapid This is true whether therou~air is zdne
in the Vov-S.1etic qu-isi-inertia frame or the gcr~g~Jphk invrtial
frame.
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Abstrort We combined a simple plasma, convection model

with an ionospheric-atmospheric composition model in order to
study the high-latitude winWer F region at .olar minimum for
low magnetic activity. Our numerical study produced time
f'l.'ndent, three-dimensional ion density distributions for the
ions NO(4 . 0,4, N, 4

. O4. N 4 . mid lIe 4. We covered the high-
laltude ionosphere above 54'N magnetic latitude and at
altitudes between 160 and 800 km for a time period of one com-
.plet- day. The main result we obtained was that high-latitude

ionospheric features, such as the 'main trough.' the *ionization
hole.' the 'tongue of ionization.' the 'auroral]y produced ioniza-
tion peaks,' and the 'uiversal time effects.' are a natural conse-
quence of the competition between the various chemical and
t rar.port prc'.-'scs known to be operating in the high-latitude
ionosphere. In addition, we found that (1) the F region peak eec-
tron density at a given location and local time can vary by more
than an order of magnitude. owing Lo the UT effect that results
fr am the displacement between the geomagnetic and geographic
poles; (2) a wide range of ion compositions can occur in the polar
F region at different locations and times; (3) the minimum value
for the electron density in the main trough is sensitive to noctur-
nal maintenance processes; (4) the depth and longitudinal extent
of the main trough exhibit a significant UT dependence: (5) the

7 way the auroral oval is positioned relative to the plasma convec-
tion pattern has an apprieciable effect on the magnetic local time
extent of the main trough; (6) the spatial extent, depth, and loca-
tion of the polar ionization hole are UT dependent; (7) the level
of ion production in the morning vector of the aurora] oval has
an appreciable effect on the location end spatial extent of the
polar ionization hole; and (81 in the polar hole the F region peak
electron density is below 300 km. and at 300 km. diffusion is a
sery important process for both 0+ and NO+. Contrary to the
suggestion based on an analysis of AE-C satellite data obtained
in the polar hole that the concentration of NO+ ions is chemi-
c',ly controlled, we find diffusion to 1e the dominant process at
300 km.

'rI EOR-'F1AL PREI)C-I IONS 'OR ION COMPOS IT1ON IN THE HIGH-LATITUDE
WINTER I-I-REGION FOR SOLAR M INIMUM AND LOW MAGNETIC ACTIVITY

J. J S, qka, W. J. Raitt. and R. W. Schunk

Center fo .Atmnspheric a nd Spce Sciences, Utah State Univrsity Logan. Utah 84322

Abstract. We combined a siniple plasma convection model
with an iornspheric atmospheric density mouel in order to
study the ion coniposition in the high latitude winter F region
at sqolar minimum for low ge0mag.-tic activity. Our numerical
study produced timedependent. 3<dimvnsional. ion density
distributiont for the ions NO, O,. N,'. 0-, N'. and lie'. We
covered the high latitude ionosjh,-re above 54"N magnetic
latitude and at altitudes ltween 16n and 900 km for a time
peritl of I cu rplete day. From our study we found the follow-
ing M1) The ion composition exhibits a significant %ariarion with
lahitud-,. local time, altitude, and iniversal time. 12) The varia
tions of the iou tuimpsition with latitude and local tioe are in
good agnes-m-nt with the Amosphere Explorer nmee-uretrents
bwl. qu.mtithtiv,,ly and qualitaus,'ly. (3) At tin.s arid at cer
t,'in t.% otir,(ms the molecular ion dn,.ity can he comparable to
the'0* d'risity at 300 ki. and at 2(00 km the' O density can be
conapartable tn th' molecular ion density. These results have
important implicaitLls for the interpretation of incoherent scat-
ter radair spectra obtained at high-latitudes. (4) Different
ground-h Ims'd observation sites should measure diffe:n-ot diur-
nal verieition. in ion composition even if the.qe sites aic dpprox
irnua.eiy at the same mnangetic latitud, uwing to the UT rspense
of the high-latitude ionosphere. 15) A satellite in a 300 km cir
cular polar orbit should measure large, orbit to orbit variations
in both electron density and ion ronptsition. again owing to the
UT response of the polar ionosphere. 161 Erroneous conclusons
can he drawn ebout ion d'nsity sc-ale heights if the verwaions
alng the track of a satell;te in a h;ghly elliptical polar jrhit are
a sonvsl to is- only due to altit ud- %si ations.

, - - - - -
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Plasma Density Features Associated With Strong Convection
in the Winter High-Latitude F Region

J. J. SOJKA. W. J. RAITr. AND R. W. SCHUNK

Center for Atmospheric and Space Sciensces, Utah Stat4, University. Logan. Utah B4322

We combined a simple plasma convection model with an ionospheric strnospheric composi-
tion model in order to study the plasma density features associated with stroaV convection in the
winter high-latitude F region. Our numerical study produced tirnri-dependent. thrt-dimenrional.
ion density distributions for the ions NO*. O,. N4. 0 . N 4. and He'. We covtetd the high-
latitude ionosphere above 42' N magnetic latitude and at altitudes between 160 and HOD km for a
time period of one complete day. From our study, we found the following: 1) For strong convec-
tion. the electron density exhibits a significant variation with altitude, latitude, lorgitude, and
universal time. A similar result was obtained in our previous study dealing with a weak convec.
tion model. (2) For strong convection, ionospheric features, such as the main trough. the aurorally
produced ionization peaks, the polar hole, and the tongue of ionization, are evident but they are
modified in comparison with those found for slow convection. 13) For strong convection, the
tongue of ionization is much more pronounced than for weak convection. 14) The polar hole that is
associated with quiet geomagnetic activity conditions does not form when the plasma convection
is strong. (5) For strong convection, a new polar hole appears in the polar cap at certain universal
times. This new polar hole is associated with large downward. electrodynamic plasma drifts. (6)
For strong convection, the main or mid-latitude electron density trough is not as deep as that
found for a weak convection model. However, it is still strongly UT dependent. (7) The
ionospheric parameters N.F,, h ,F,. and the topside plasma density scale height exhibit an
appreciable variation over the polar region at a given UT.

Observations of the Diurnal Dependence of the High-Latitude F Region
Ion Density by DMSP Sateflites

J. J. SO.IKA. W.J. RAIT'r. AND R. W. SCHUNK

Center for Atmospheric and Space S,:iences, Utah State Univer iity. L.og.m, Utah 84322

F. J. RICH AN) R. C. SAGALYN

Air Force ;,ophysics Laborutor-'. Hanscom Air Force Base, Bedford. Mlassachusetts 01731

Data from, the DMSP F2 and F4 satellites for the period December 5-10. 1979. haee h¢,,n ued
to study th, liu.ral depenlence of the high-latitude ion density at 800.km altitude A 2.4 hour
periodicity in the minimum orbital density (IMOD) during a crossing of the high-lattud.- reion is
observed in bth the w~nter and sumamer hemnispi,'res The phase of the variation in MOD is such
that it haq n fnininum diring the ?4-hour period betwkeen 07 00 and 09t)0 UT. Both the longs te:m
variation of th,, high-la.itude ifin density on it titv scale of days, ;and the orbit by orbit va:iations
at the sam , r :.,,agneic location in the no ii. :.i ( inat.:) henrni ,ph-.t, for th, n4::g:ietieally quiet
time period thoen 5 how good ,jatit;'ie a , %.:n,'rt .th the diirnal depvttde.ce pc etirt,:d by a
theoretical nm,lel of the ionosph-ric den-ity at hi;;h latitudes under cndi1ions of ow conection

speeds (Sjk, *,t al., 1981a).

¢.% :.: ..- -: .:.:. . . .-. . ". .
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Seasonal Variations of the High-Latitude F Region for Strong Convection

J. J. SOJKA. R. W. SCHUNK AND W. J. RA1r

Center for Atmospheric and Space Sciences, Utah State University, Logan, Utah 84322

We combined a plasma convection model with an ionospheric-atmospheric composition

model in order to study the seasonal variations of the high-latitude F region for strong convec-

tion. Our numerical study produced time-dependent, three-dimensional, ion density distributions

for the ions NO'. 0*. N,*. 0*. N*. and He*. We covered the high-latitude ionosphere above 42N

magnetic latitude and at altitudes between 160 and 800 km for a time period of one complete day.

From our study we found the following: (1) For strong convection, the high-latitude ionosphere

exhibits a significant UT variation both during winter and summer. (2) In general. the electron

density is lower in winter tha in summer. However, at certain universal times the electron den-

sity in the dayside polar cap is larger in winter than in summer owing to the effect of the mid-

latitude 'inter anomaly' in combination with strong antisunward convection. (3) In both sum-

mer and winter, the major region of low electron density is associated with the main or mid-

latitude trough. The trough is deeper and its local time extent is much greater in winter than in

summer. (4) Typically. the electron density exhibits a much larger variation with altitude in

winter than in summer. (5) The ion composition and molecularlatomic ion transition altitude are

highly UT dependent in both summer and winter. (6) The ion composition also displays a signif-

cant seasonal variation. However. at a given location the seasonal variation can be opposite at

different universal times. 7) High-speed convection cells should display a marked seasonal varia-

tion. with a much larger concentration of molecular ions near the F region peak in summer than in

-winter.
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